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(a) Geological map of the Himalayan orogen modified after McQuarrie et al. ([1]) and 
Greenwood ([2]). P, Paro window; KT, Kakthang Thrust. (b) Simplified geological map of NW 
Bhutan (modified after Grujic et al., [3]; Kellett et al., [4]; Regis et al., [5]). Black star: sample 
DRB1250, white star: samples presented in Kellett et al. ([6]) and Tobgay et al. ([7]). CLg, 




Fig. 2. (a) Geological map of the Himalayan orogen modified after McQuarrie et al. ([1]) and 
Greenwood ([2]). P, Paro window; KT, Kakthang Thrust. (b) Simplified geological map of NW Bhutan 
(modified after Grujic et al., [3]; Kellett et al., [4]; Regis et al., [5]). Black star: sample DRB1250, white 
star: samples presented in Kellett et al. ([6]) and Tobgay et al. ([7]). CLg, Chung La granite; O-STD, 
‘outer’ South Tibetan Detachment; Y-G fault, Yadong-Gulu normal fault. 
 
 
Fig. 3. Metamorphic evolution of anatectic metapelite DRB1250. Lines correspond to growth periods 
for each phase during the reconstructed metamorphic history. Solid line: growth; dashed line: inferred 
growth. 
 
Fig. 4. Major and trace-element composition of garnet. X-ray compositional maps for Ca, Fe, Mg, Mn 
and Y. Different colour scales (counts per second). (a) XAlm, XPyp, XSps and XGrs plotted against distance. 
(b) HREE and Y show similar trends with enrichment in the core and depletion towards the rims. (c) 
EuN/Eu*N profile shows a decrease towards the rim (EuN/Eu*N = EuN/(SmN*GdN)0.5; N = normalized to 
McDonough & Sun ([9]). Scale bars in the maps = 2 mm. 
 
 
Fig. 5. (a) REE composition for zircon core and zircon rim-I  +  rim-II; CL images of zircon grains 
showing their internal growth structure. Scale bars are 50 μm. (b) REE composition of monazite core 
(C) and mantle (M); R = rim. X-ray compositional maps of monazite grains showing three growth 
zones with different Yttrium compositions; Core and Rim are Y-enriched, Mantle is Y-depleted. Scale 
bars are 50 μm. All data are normalized to the chondritic values of McDonough & Sun ([9]). 
 
 
Fig. 6. (a) P–T pseudosection calculated in the MnNKCFMASTH system at a(H2O) = 1 using the 
unfractionated bulk composition (wt%, SiO2: 55.04 TiO2: 1.32 Al2O3: 18.13 FeO: 12.8 MnO: 0.18 MgO: 
4.80 CaO: 0.80 Na2O: 0.80 K2O: 5.31) and (b) the bulk composition for garnet rim growth (wt%, SiO2: 
55.92 TiO2: 1.33 Al2O3: 17.84 FeO: 13.30 MnO: 0.17 MgO: 4.40 CaO: 0.43 Na2O: 0.89 K2O: 5.35). In 
both pseudosections (a and b) the lightest shading represents fields that have a variance of 3, with 
shading becoming darker with increasing variance, up to the darkest shading for the field with a 
variance of 8. In (a) and (b), the compositional isopleths used to constrain the growth of garnet core 
and rim are: [XMgGrt = Mg/(Mg + Fe + Ca + Mn), XCa Grt = Ca/(Ca + Mg + Fe + Mn), 
and XNa,Pl = Na/(Na + Ca)]. The two error ellipses reflect probe compositions of the garnet core (a) and 
garnet rim (b). The blue line in pseudosection (a) represents the ilmenite stability field. (c) 




Fig. 7. (a) Tera–Wasserburg plot for monazite core and mantle. All data reported in Table 1. 
Monazite mantle age anchored to common Pb = 0.83 ± 0.02. (b) Tera–Wasserburg plot for 
zircon metamorphic rims. Dotted ellipses excluded from calculations (mixed analysis 
between rim-II and rim-III). All ages are quoted at 2σ and exclude systematic uncertainties. 
 
 
Fig. 8. ‘Chemical fingerprints’: trace-element composition for garnet and monazite. (a) LuN v. 
EuN/Eu*N in garnet showing monazite core growth and plagioclase consumption during garnet core-to-
rim growth. (b) Gd/Lu v. EuN/Eu*N in Mnz showing garnet influence on monazite growth in the sub-
solidus (for Mnz core) and supra-solidus (for Mnz mantle). (c) Ca/Sr v. EuN/Eu*N in monazite showing 
growth of monazite core in the presence of melt (enriched in Ca–An-component of plagioclase 
breakdown). (d) Age v. EuN/Eu*N in monazite showing K-feldspar growth in the supra-solidus (strong 
Eu anomaly in Mnz mantle) – see text for more details. 
 
 
Fig. 9. Major and accessory phases included in garnet core and rim (Yttrium compositional map). 
Major: Bt1, Pl1 and Qz included in garnet core; rare quartz in garnet rim. Accessory: Allanite and 
ilmenite included in the high-Y garnet core; xenotime is preserved in garnet core and crystallized in 
the matrix around garnet rim. Monazite is found in garnet rim and in the matrix. Zircon is included in 
both garnet core and rim; abundant zircon in the rock matrix. 
 
 
Fig. 10. Interpretative P–T–t path for sample DRB1250. (a, b) Modal variation (vol.%) of rutile and 
plagioclase calculated for the pseudosection in Fig. 1(garnet core composition). Ellipses correspond to garnet 
core and garnet rim growth. Dashed arrows: idealized P–T trajectories involving (i) cooling during 
decompression, (ii) isothermal decompression and (iii) heating during decompression. (c) Major phases 
evolution along the reconstructed P–T path; plagioclase, garnet and rutile assemblage field-boundaries have 
been highlighted on the P–T diagram. (d) Accessory phases evolution and timing of crystallization along the 
same P–T path. Thick black line: solidus, TiZrn = Ti-in-zircon, bdl = below detection limit.  
 
